A single-nucleotide polymorphism (SNP) is an alteration in one nucleotide in a certain position within a genome. SNPs are associated with disease susceptibility. However, the influences of SNPs on the pathogenesis of neonatal hypoxic-ischemic brain damage remain elusive. Seven-day-old rats were used to establish a hypoxic ischemic encephalopathy model. SNPs and expression profiles of mRNAs were analyzed in hypoxic ischemic encephalopathy model rats using RNA sequencing. Genes exhibiting SNPs associated with hypoxic ischemic encephalopathy were identified and studied by gene ontology and pathway analysis to identify their possible involvement in the disease mechanism. We identified 89 up-regulated genes containing SNPs that were mainly located on chromosome 1 and 2. Gene ontology analysis indicated that the up-regulated genes containing SNPs are mainly involved in angiogenesis, wound healing and glutamatergic synapse and biological processing of calcium-activated chloride channels. Signaling pathway analysis indicated that the differentially expressed genes play a role in glutamatergic synapses, long-term depression and oxytocin signaling. Moreover, intersection analysis of high throughput screening following PubMed retrieval and RNA sequencing for SNPs showed that CSRNP1, DUSP5 and LRRC25 were most relevant to hypoxic ischemic encephalopathy. Significant up-regulation of genes was confirmed by quantitative real-time polymerase chain reaction analysis of
Introduction
Hypoxic ischemic encephalopathy (HIE) refers to a serious neurological syndrome that occurs in the earliest days of life because of placental insufficiency or umbilical cord occlusion in the perinatal period (Allen and Brandon, 2011) . HIE is a major neuro-developmental disability in infants, with a prevalence of approximately 1 to 6 per 1000 births (Vannucci, 2000; Chau et al., 2014) . Twenty-five percent of HIE patients suffer permanent neurological deficits (Graham et al., 2008) . Additionally, worldwide, approximately one million newborns die from HIE each year (Lv et al., 2017) . HIE can result in periventricular leukomalacia or developmental retardation, and can cause dysfunction in remote organs (Zeppellini et al., 2001; Wu et al., 2011; Zhao et al., 2012; Alaro et al., 2014; Khatri et al., 2014; Saeed et al., 2014) . Despite numerous clinical trials, many neuro-protective strategies have failed to effectively treat HIE patients. The need to expand our understanding of HIE mechanisms and to develop novel therapies is therefore urgent (Ginsberg, 2008; Davies et al., 2019) .
A single-nucleotide polymorphism (SNP) is the substitution of a single nucleotide at a certain position in a genome. Generally, SNPs are present at varying percentages within a population (e.g., > 1%) and most do not cause any disorder. However, SNPs have been linked to disorders; for example SNPs in non-coding regions can increase the risk of cancer or they can influence messenger RNA (mRNA) structure to increase disease susceptibility (Lu et al., 2015) . This is in addition to the well-characterized SNPs related to drug metabolism. Research into SNPs is therefore important to identify an individual's genetic tendency to develop particular diseases (Goldstein, 2001; Lee, 2004; Yanase et al., 2006; Li et al., 2019) . SNPs in vasoactive intestinal polypeptide and N-methyl-D-aspartate receptor subunit 3A play roles in cerebral palsy in two-year-old infants after preterm birth (Costantine et al., 2012) . Therefore, to observe the role of SNPs in HIE, we aimed to detect key SNPs associated with HIE pathogenesis in rats.
RNA sequencing (RNA-seq), also known as second-generation sequencing, is a powerful tool to analyze transcriptome changes within cells and tissues. This approach enables the collection of data on gene fusion and spliced transcripts, post-transcriptional modifications, gene expression over time and SNP diagnosis (Maher et al., 2009) . It also distinguishes RNA populations, such as ribosomal RNAs, transfer RNAs, microRNAs and small RNAs (Ingolia et al., 2012) . Recently, this technology has been widely used to investigate the differential expression of genes. Therefore, in the present study, we used RNA-Seq to identify SNPs and changes in gene expression in rats subjected to HIE. We sought to identify SNPs involved in HIE, with the eventual aim of evaluating the genetic predisposition of an individual to developing HIE.
We used seven-day-old rats to establish a HIE model. SNPs and the expression profiles of mRNAs were analyzed in HIE and control brains using RNA-seq and compared. Genes exhibiting SNPs associated with HIE were identified and studied by gene ontology (GO) and pathway analysis to identify their possible involvement in the disease mechanism.
Materials and Methods

Animal care and grouping
Animal experiments and animal handling procedures were approved on February 5, 2017 by the Animal Care and Use Committee of Kunming Medical University, Kunming, Yunnan Province, China (approval No. kmmu2019038) and were performed in accordance with the guidelines of the Unites States National Institutes of Health. Twenty-four specific pathogen-free one-week-old male Sprague-Dawley rats weighing 100-200 g were procured from the Animal Centre of Kunming Medical University (Yunnan, China) (license No. SCXK k2015-0002). The neonate rats were housed at 21-25°C and 45-50% humidity. The animals were exposed to light for 12 hours during the daytime with free access to food and water. Pups were randomly allocated to the sham-operated group (sham, n = 12) and the HIE group (HIE, n = 12). The HIE group was subjected to permanent hypoxia ischemia. The sham-operated group was reared under standard conditions ( Figure 1A & B) . Induction of hypoxia-ischemia brain damage HIE was induced using the suture occlusion technique as described previously (Ding et al., 2017) . Briefly, animals were anesthetized using isoflurane and immobilized. A 0.5 cm skin incision was made along the midline of the neck, and the right common carotid artery was exposed and occluded with an electrocoagulator (Spring Medical Beauty Equipment Co., Wuhan, Hubei Province, China). Following the surgical procedure, the pups were returned to their dams for recovery and feeding for 1 hour. The pups were then placed into an airtight chamber maintained at 37°C and subjected to hypoxia for 2 hours (8% O 2 , 92% N 2 ). The sham group underwent anesthesia and the common carotid artery was exposed but not ligated. The sham group was not exposed to hypoxia.
Measurement of body weight
Animals were weighed on a high precision balance (Shanghai puchun measure instrument Co., Shanghai, China) before surgery and at 24 hours after HIE.
Zea-longa neurological score
To evaluate the success of HIE model establishment and to identify behavioral changes following the operation, animals were assessed for neurological disorders before surgery and 0, 2, 4, 6, 12, 20 and 24 hours post-surgery. The Zea-longa neurological score was performed as described previously with minor modifications (Wang et al., 2010b) . Zero points were given for normal behaviors and symmetric double forelimb stretching. The rats whose contralateral forelimb weakness, torso turning or ipsilateral hindlimb could not fully stretch scored 1 point. Affected posture and circling towards the injured side scored 2 points, while 3 point was given to animals that could not weight-bear on the affected side and 4 point indicated that animals could not weight-bear on the affected side and did not exhibit spontaneous locomotor activity or displayed barrel rolling. The animals in the model group with a score ≥ 1 were selected for further analysis.
High-throughput screening
High-throughput screening technologies were performed to search for the key factors participating in the occurrence and development of HIE. The standard as follow: 1) remove the genes reported in the Scientific Citation Index (SCI) paper on the functional and clinical relevance of the cancer species studied in this project; 2) removal of multiple transmembrane protein genes; 3) remove genes that are not explicitly annotated (such as with open reading frame); 4) remove the number of pubMed articles more than 60; 5) existing experimental data to filter genes combined with the key gene database of Kikekien disease.
RNA extraction
At 24 hours post-operation, pups were deeply anesthetized by intraperitoneal injection of pentobarbitone sodium (200-300 μL; 30 mg/m), before perfusion with PBS (pH 7.4) through the heart. The brain cortex was then quickly dissected and placed on dry ice. Total RNA was extracted from the ipsilateral cortex using an RNeasy Mini Kit (Qiagen, Shanghai, China) in accordance with the manufacturer's protocol. Briefly, RNA from 12 HIE and 12 sham brain samples was pooled into two HIE and two sham pools, which were used for RNA-Seq analysis (performed by Bi-omarker Technologies Co., Beijing, China) (Rodríguez et al., 2014; Seeliger et al., 2014; Wang et al., 2016 Then, second-strand cDNA was synthesized using a synthesis enzyme mix for 60 minutes at 16°C then for 30 minutes at 20°C. The resulting dsDNA fragments were purified using Agencourt AMPure XP Beads (Beckman Coulter, Beverly, CA, USA). The overhangs were digested to blunt ends with NEB Next End Prep Enzyme Mix and then adaptors linked to the USER Enzyme were ligated to the cDNA. cDNA was then purified using AMPure XP Beads. Finally, the DNA fragments were amplified using Hot Start HiFi PCR Master Mix, and the products were re-purified using the AMPure XP system and library quality was analyzed using an Agilent Bioanalyzer 2100 and qRT-PCR.
Bioinformatic analysis and differential expression analysis
TruSeq PE Cluster Kitv3-cBot-HS was adopted to construct clusters of index-coded samples on an acBot Cluster Generation System (Illumina Inc., San Diego, CA, USA). The RNA library was then sequenced on an Illumina Hiseq platform and paired-end reads generated. The resultant raw reads were further cleaned by eliminating adapter sequences, low-quality reads and poly-N sequences. Furthermore, sequences below 20 nucleotides or more than 30 nucleotides were removed from the clean data to avoid any disruption to downstream analyses. The GC-content and sequence duplication levels of the clean data were then calculated to confirm the quality of the data. Cufflinks package (version 2.1.1; https://launchpad.net/ ubuntu/+source/cufflinks) was used to calculate expression of genes and lncRNAs depending on fragments per kilobase of exon per million reads (FPKM) values (Trapnell et al., 2010) . DESeq R package (version 1.10.1) was used for statistical analysis of differential gene expression between groups. The P values were set to < 0.01 based on Benjamini and Hochberg's method to reduce the false discovery rate. Genes with a log 2 fold expression variation value > 1 were considered to be differentially expressed. EBseq was adopted for the samples without biological replicates (Storey and Tibshirani, 2003) .
Gene functional annotation
The non-redundant protein sequence database of the National Center for Biotechnology Information, USA, was used to predict Gene function. Clusters of Orthologous Groups of proteins (KOG/COG) were used to study GO. GO R Packages for comprehensive study of gene function and variations were used to analyze differentially expressed genes and Pfams (Protein families). KEGG (Kyoto encyclopedia of genes and genomes) and KOBAS (KEGG orthology-based annotation system) were applied to identify the statistically enriched pathways of the differentially expressed genes (Mao et al., 2005 ). An intersection analysis was performed using Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/).
Primary culture of human fetal cortical neurons
Cerebral tissue collection from a 29-day-old human fetus was approved on September 30, 2015 by the Ethics Committee of Kunming Medical University, China (approval No. 2015-9) . Informed consent was obtained from the mother. An aborted 29 day-old fetus was collected from the first affiliated hospital of Kunming Medical University and im-mediately stored on ice. The brain was dissected and placed in 75% alcohol for 2 minutes. The cortical tissues were then harvested into cold Dulbecco's modified Eagle's medium (DMEM) and cut into 1 mm 3 sized blocks. Trypsin (0.25%) digestion for 30 minutes at 37°C was then performed to isolate cells from the cortical tissue. Cells were then rinsed in DMEM containing 10% fetal bovine serum. The tissue suspension was centrifuged at 1000 × g for 10 minutes and the pelleted cells were then resuspended in complete culture medium (Hyclone, Logan, UT, USA) composed of DMEM/high glucose, 10% fetal calf serum and 1% penicillin-streptomycin solution. Neurons were plated in 6-well plates (Corning, New York, USA) coated with poly-D-lysine and laminin (Sigma-Aldrich, St. Louis, MO, USA) at a density of 5 × 10 5 cells/mL, and incubated at 37°C in a 5% CO 2 atmosphere. Four hours later, the medium was replaced with neurobasal medium containing 2% B27 (Invitrogen, Carlsbad, CA, USA). The culture medium was changed the next day, then half the medium was changed every three days. The cells were then incubated with oxygen-glucose deprivation (OGD). Control group cells were not exposed to OGD.
In vitro OGD
In vitro human cortical neurons were prepared to mimic HIE using an OGD protocol (Joerger-Messerli et al., 2018) . Briefly, cells were washed once with 0.01 mM PBS before the medium was changed to glucose-free medium. Cells were then transferred Ito a hypoxia chamber (Thermo Scientific, Waltham, MA, USA) and exposed to a gas mixture of 5%CO 2 and 95%N 2 for 2 hours. Control cells were incubated normally, without exposure to OGD.
Quantitative real-time polymerase chain reaction Total RNA was isolated from human neurons 24 hours post OGD with Trizol reagent (Takara Bio Inc., Otsu, Japan). RNA was reverse transcribed to cDNA with the Revert AidTM First Strand cDNA Synthesis kit (Thermo Scientific). qRT-PCR was then performed to detect the relative expression of mRNA according to previous protocols , with the primer sequences shown in Table 1 . Reactions were performed in a DNA thermal cycler (Bio-Rad, Bole, USA) according to the following standard protocol: initial denaturation at 95°C for 2 minutes, denaturation at 95°C for 15 seconds, amplification at 53°C for 20 seconds, then at 60°C for 30 seconds for a total of 40 cycles. The threshold cycle (Ct) of each sample was recorded, and relative expression was calculated with normalization to β-actin values using the 2 -ΔΔCt method.
Statistical analysis
All data are expressed as the mean ± standard deviation (SD).
Results were compared by Student's t-test using SPSS 17.0 (SPSS, Chicago, IL, USA). Multiple comparisons were adjusted by Benjamini-Hochberg. The P value was set at < 0.05.
Results
Establishment of a hypoxia-ischemia brain damage animal model
Rats were weighed before and after HIE surgery. The bodyweight of the HIE rats was significantly reduced 24 hours post-surgery, whereas that of sham rats was not (P = 0.000, Figure 1C ). Compared with the sham group, the Zea-longa scores of HIE rats increased over the 24 hour monitoring period after HIE surgery (P = 0.000, Figure 1C ). Rats subjected to HIE scored an average of 2 points, with posturing and circling towards the injured side. These results were an indication of brain injury and deterioration of the rats' neurological function.
The number of single-nucleotide polymorphisms was increased in hypoxia-ischemia brain damage rats
To confirm the correlation of HIE with particular SNPs, we compared the number of SNPs between HIE and sham groups (Additional Table 1 ). The SNP statistical analysis was based on comparison of the reads of each sample with reference genomes. There were 130248 and 83060 SNPs in the two HIE samples, with 75646 and 49372 SNPs in gene regions (Figure 2A and Additional Table 1 ). Meanwhile, the control group samples exhibited 69315 and 72933 SNPs in total, with 48728 and 50516 SNPs, respectively, in gene regions (Figure 2A and Additional Table 1 ). Evidently, the HIE group exhibited a higher total number of SNPs and a higher number of SNPs in gene regions. This indicated that HIE induced genomic SNPs; however, there were no differences of transition, transversion and heterozygosity od SNPS between the control and HIE groups ( Figure 2B , Additional Tables 1 and 2).
Single-nucleotide polymorphism localization
The chromosomal location of SNPs was investigated in sham and HIE groups. The majority of detected SNPs were observed on the largest chromosomes (N1 and N2) as shown in Additional Table 2 . Generally, the numbers of SNPs on each chromosome were higher in the HIE group compared with the control group.
SNP genotypes in the HIE group
To analyze distinct SNPs in the HIE group that might be involved in the etiology of HIE, we screened the SNPs ac-cording to genotype. A total of ten SNP genotypes were identified, including A, C, G, K, M, R, S, T, W, Y. The most common SNP genotype was G (3544) and the least common (B) Wounds were sutured and animals numbered for identification. (C) Body weight difference was measured at 24 hours after HIE in the groups of sham and HIE. Zea-longa scores of rats subjected to sham and HIE procedures were performed at 0, 2, 4, 6, 12, 20 and 24 hours post-surgery. The rats with high Zea-longa scores had serious neurological damage. However, there were mild neurofunctional deficits in rats with low scores (Additional Figure 1) . Data are expressed as the mean ± SD, and were analyzed by Student's t-test. *P < 0.05, vs. sham group. HIE: Hypoxic ischemic encephalopathy. was W (507) (Figure 3 and Additional Table 3 ).
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Enrichment analysis for genes containing SNPs in HIE rats
Differentially expressed genes in both the sham and HIE groups were studied, as was enrichment analysis of GO data derived from sequence analysis. We detected 89 up-regulated genes, including Csrnp1, Dusp5, Lrrc25, Cxcl1, Clca4l, and Serpine1 exhibiting SNPs in the HIE group compared with the sham group (Figure 4 and Additional Table 4 ). Compared with the sham group, HIE induced more genes to contain SNPs. These genes were involved in cell adhesion, peptidyl-serine phosphorylation, protein autophosphorylation, cytoplasm, cytosol, cell junction, axon, dendrite, dendritic spine, synapse, postsynaptic membrane, phospholipid binding, protein kinase binding, PDZ domain binding and protein complex binding. These functions were in addition to processes common with the sham group, including postsynaptic density, neuronal cell body and ATP binding with neuronal cell body (Figure 4A & B) . In addition, pathway analysis revealed that only genes in the sham group containing SNPs were mainly involved in mitogen-activated protein kinase, sphingolipid, adrenergic signaling in cardiomyocytes, circadian entrainment, retrograde endocannabinoid and dopaminergic synapse pathways ( Figure 4A) . Meanwhile, up-regulated genes containing SNPs only in the HIE group, mainly participated in mitogen-activated protein kinase, circadian entrainment, retrograde endocannabinoid signaling, glutamatergic synapse, long-term depression and oxytocin signaling pathways ( Figure 4B ). These were quite different from those of the sham group.
Further gene ontology analysis of the up-regulated genes containing SNPs in the HIE rats
The majority of mRNA targets in the HIE group were associated with 14 biological processes, including angiogenesis involved in wound healing, bone morphogenetic protein signaling pathway, cell adhesion, immune response, integrin-mediated signaling pathway, regulation of innate immune system, negative regulation of cytokine-mediated im-munity, neutrophil chemotaxis, palate development and positive regulation of protein phosphorylation (Figure 5) . The GO results concur with the molecular functions analysis because they indicated that genes primarily participating in growth factor activity were ligands for protein kinases, the intracellular calcium activated chloride channel and epigenetic regulator binding regions within DNA (Figure 5) . Similarly, a cellular components analysis showed that these differentially expressed genes encode proteins localized on the external side of the plasma membrane, and with adhesion cellular components, and the integrin alpha9-beta1 complex (Figure 5) .
Validation of candidate genes of interest
To further screen the gene sequencing data for genes that are truly involved in HIE, a high-throughput screening via PubMed searching was carried out. This revealed 27 factors that have not been studied in HIE (Additional Table 5 ). Intersection analysis of these 27 genes with the 89 up-regulated genes exhibiting SNPs using Venny 2.2 software (http:// bioinfogp.cnb.csic.es/tools/venny/index.html), identified three genes, CSRNP1, DUSP5 and LRRC25, that possessed SNPs ( Figure 6A) . Therefore, they were assessed in the following experiment. Human fetal cortical neurons were cultured, and OGD was employed to monitor HIE in vitro. Two hours after OGD, the neurons exhibited obvious damage, as indicated by broken cell bodies and axons ( Figure 6B) . Meanwhile, qRT-PCR showed that the expressional levels of CSRNP1, DUSP5 and LRRC25 were significantly up-regulated 24 hours post OGD, compared with the normal group (CSRNP1: P = 0.000; DUSP5: P = 0.000; LRRC25: P = 0.000; Figure 6C -E).
Discussion
In this study, we performed a comprehensive analysis of SNPs and mRNA expression in cortical samples from rats subjected to HIE and sham operation. RNA sequencing revealed that HIE induced SNPs in mRNAs, which were mainly from genes on chromosomes 1 and 2. Phenotype analysis indicated the SNPs were commonly associated with a G phenotype and scarcely with a W phenotype. In addition, a total of 89 up-regulated genes containing SNPs were found in the HIE group, and were mainly involved in angiogenesis, wound healing biological process and glutamatergic synapse. This is in addition to long-term depression signaling pathways, which were closely correlated with the pathogenesis of HIE. Moreover, intersection analysis identified CSRNP1, DUSP5 and LRRC25 as the most relevant to HIE (Figure 7) . These genes were also up-regulated in human neurons after OGD, which may be related to the pa-thology of HIE; therefore, they may be new targets for HIE therapy.
HIE pathogenesis is correlated with SNPs detected by RNA sequencing
It is acknowledged that some SNPs are associated with specific disorders and are the main reason for differences in disease susceptibility. A variety of human diseases, including sickle-cell anemia, β-thalassemia and cystic fibrosis are correlated with SNPs (Ingram, 1956; Chang and Kan, 1979; Hamosh et al., 1992) . Equally, the seriousness of the disease and the way our body reacts to therapies are also manifestations of genetic variation. A single base variation in poly (ADPRibose) Polymerase-1, for example, is connected with gastrointestinal tumors (Martín-Guerrero et al., 2017) ; the rs1495741 genetic variant and smoking are strongly associated with the risk of bladder cancer (Ma et al., 2016) ; and the aldehyde dehydrogenase 2 Glu504Lys SNP is a candidate risk factor for a wide range of chronic diseases, including cancer, cardiovascular disease, and late-onset Alzheimer's disease, linked to lifestyle factors such as alcohol consumption and the presence of other genetic variations (Zhao and Wang, 2015) . In addition, accumulating evidence shows that lung injury is associated with genetic variations (Wang et al., 2010a; Trittmann et al., 2014 Trittmann et al., , 2016 Cho et al., 2015; Liu et al., 2016) . In the present study, a large number of SNPs in HIE rats were detected via RNA-seq, indicating that HIE-induced brain injury was associated with the SNPs. Moreover, further study found 89 genes exhibiting SNPs that were up-regulated after HIE.
Gene ontology analysis of the up-regulated genes containing SNPs
A bioinformatics analysis was performed to predict the potential functions of the differentially expressed mRNAs containing SNPs in HIE rats. GO analysis categorized genes functions according to biological process, cellular com-ponent, and molecular function. Kyoto encyclopedia of genes and genomes analysis clarified the potential signaling pathways that genes might participate in. Compared with the control group, 89 genes exhibiting SNPs were up-regulated in the brain from the HIE group. This indicated that the effect of HIE-induced brain injury was a complex multigene process. The inflammatory response, together with excitotoxic and oxidative responses, are major con-tributors to ischemic injury in both the immature and adult brain (Ruscher et al., 2013; Fernández-Tajes et al., 2014) . Angiogenesis is an important process in the recovery of brain ischemia-induced injury (Zheng et al., 2018) . In our study, the GO analysis revealed that SNP-containing genes that were up-regulated 24 hours after HIE were mainly enriched for GO terms associated with the angiogenesis, wound healing, negative regulation of cytokine-mediated signaling pathway and negative regulation of innate immune response. Therefore, together with previous studies, our results revealed that SNPs in mRNA may influence biological processes after HIE.
A molecular function analysis revealed that the 89 up-regulated genes containing SNPs were mainly involved in growth factor activity, protein kinase binding, transcription regulatory region DNA binding, and intracellular calcium-activated chloride channel activity. The human genome contains about 560 protein kinase genes, accounting for about 2% of all human genes (Manning et al., 2002) . Furthermore, kinases regulate the majority of cellular pathways, especially those involved in mechanistic cellular signaling and signal transduction (Murphy et al., 2014; Eyers and Murphy, 2016) . This suggests that the up-regulated genes containing SNPs were also involved in growth factor activity, which is important for recovery from HIE.
HIE typically results in serious long-term sequelae, mainly because of damage caused to neurons or axons in the acute phase (Busl and Greer, 2010; Shankaran et al., 2012) . Therefore, long-term neurological deficits from HIE are partially caused by inhibited axon regrowth. In the current study, pathway analysis indicated that the 89 up-regulated genes containing SNPs were mainly enriched in glutamatergic synapse and long-term depression signaling pathways, indi-cating that SNPs in mRNAs also participated in pathways involved in long-term neurological function.
CSRNP1, DUSP5 and LRRC25 are potential targets for HIE therapy To select the most relevant genes involved in HIE, we performed high-throughput screening by searching PubMed and we used PCR to verify candidates. We identified 27 genes that have not been studied in HIE. In addition, 89 up-regulated genes containing SNPs were found in the HIE group by RNA sequencing. We intersected the 27 factors from high-throughput screening and the 89 up-regulated genes exhibiting SNPs using Venny. Three genes, CSRNP1, DUSP5 and LRRC25 were identified. qRT-PCR showed that the relative expression of CSRNP1, DUSP5 and LRRC25 was up-regulated in OGD-treated human fetal cortical neurons group compared with the control group. These data indicate that the three genes are candidate targets for HIE therapy, and they will inform further research on HIE pathogenesis.
In conclusion, this study's findings indicate that HIE is accompanied with an increased number of SNPs, which often exhibited in G phenotype and rarely the W phenotype. Additionally, 89 up-regulated genes containing SNPs were involved in angiogenesis, wound healing, negative regulation of cytokine-mediated signaling pathway, negative regulation of innate immune response and palate development, which may contribute to the pathogenesis and biochemical characteristics of HIE in neonatal rats. Finally, CSRNP1, DUSP5 and LRRC25 were verified by high throughput screening as the most relevant genes containing SNPs to HIE. However, we did not investigate the influence of SNP overexpression or knockout on HIE in the current study. In spite of this, our results provide robust evidence for advancing the development of HIE therapy. A hypoxic ischemic encephalopathy model was prepared and the neurological score of animals was determined. The cortex of each animal was extracted 24 hours post-operation. RNA was extracted and mRNA-sequencing (seq) libraries were prepared. After quality control of the mRNA library, mRNA-seq and gene ontology (GO) analysis were performed. Finally, bioinformatic analysis was conducted.
